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INTRODUCTION 
In 1961 subsurface investiJations began on final site locations 
for the Air Force ' s Minuteman Missle Program near Yd.not , North Dakota. 
The invest~gations consisted of the over-all examination of 180 sites 
located within a 60 mile radius of Minot Air Force Base to the north , 
west , south and southeast . The investigations consisted of refrac-
tion and/or uphole seismic surveys ; drilling of core holes to a depth 
of 100 f eet; ground water pumping tests ; labratory materials tests; 
geologic reconnaissance and others that are unimportant here . The 
18 volume eport was put into the hands of the North Dakota Geologic 
Survey for further analysis. 
In January 1963 these reports were put at t he disp s~l of this 
writer for glacial and subglacial studies as a senior t hesis project . 
Two maps were prepared from t he data found in the reports; a sub-
glacial re~ief map and an isopachous map of glacial deposits . 
LOCATION 
The area, designated as The Fourth Deployment Area is l ocated 
in the north-central portion of the State of North Dakota. The 
operational sites in the area are located within Burke , Mountrail, 
Ward, Renville, Bottineau, McHenry, Sheridan , and McLean counties , 
and the area encompassed is approximately 6 ,400 square miles . The 
site locations vary from 20 to 60 air-miles north, west, south and 
southeast of Minot Air Force Base . 
TOPOGRAPHY 
The deployment area lies within two physiographic provinces ; 
the Drift Prairie and the Missouri Plateau. These two provinces have 
distinct topographic features. The transition from the Drift Prairie 
to the Missouri Plateau is nearly a straight line that extends from 
the northwest to the southeast and passes approximately 10 miles 
southwest of Minot, North Dakota . The Drift Prairie lies northeast 
of the Missouri Plateau. 
The Drift Prairie is a gently undulating to somewhat hilly plain , 
characteristic of a glacial drift area in an early stage of develop-
ment . The elevation of the deployment area within the Drift Prairie 
increases from the northeast (1500 feet above sea level) to the south-
west (2000 feet above sea level) where it meets the Missouri Plateau. 
The topogr aphy of the Mis souri Plateau varies from a hilly to a 
gently undulating plain. The elevation of the deployment area with-
in the Missouri Plateau increases from the. southeast to the northwest . 
The general elevation above sea level in the extreme southeastern 
portion of the area is 1 , 900 feet and in the extreme northwestern 
portion about 2 , 300 f eet . 
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The northern and southeastern portions of the deployment area 
drain into the Souris River . The Souris River originates in the 
province of Saskatchewan , Canada , flows southeastward into North 
Dakota , and then curves back into Canada where it flows in a north-
erly direction into the Assiniboine Ri ver which empties into the 
Red River of the North above the International Boundary. Major trib-
utaries that drain the deployment area and contribute runoff to the 
Souris River are the Des Lacs River , Livingstone Creek, Wintering 
River and Deep River . The eastern and southern portions of the 
deployment area drain into the Missouri River which flows in a south-
eastward direction . Major tributaties that drain the area and con-
tribute runoff to the Missouri River are the White Earth River , Deep 
Water Creek and Douglas Creek . 
PHYSIOGRAPHY 
The Drift Prairie province is flat to slightly rolling , con-
taining occasional hummocky ridges with undrained depressions and is 
mantled by a thick deposit of glacial drift , except for a few expos-
ures of bedrock along the Souris River . There is very little local 
relief on the Drift Prairie except at the Souris River incisement of 
approximately 100 feet . 
The Missouri Plateau is divisible into two smaller provinces; 
the Coteau du Missouri and the Missouri Slope . The Coteau occupies 
two-thirds of the deployment area . This province contains the Max 
or Altamont End Moraine Complex which is a belt of hills, 20 to 30 
miles wide that trend northwest and southeast . The hills are 
hummocky, poorly drained , and contain numerous undrained depressions . 
They range in elevation from 2,000 to 2 , 300 feet above sea level . 
The Coteau du Missouri province is bordered on the west by the Mis-
souri River Valley . The incisement of the Missouri River is 400 to 
600 feet and the valley is 1 to 3 miles wide . 
STRATIGRAPHY 
The near surface materials encountered during the site invest-
igations were all of sedimentary and glacial origin and ranged in 
age from Paleocene to Recent . 
The Fourth Deployment area is mantled by glacial drift up to 
JOO feet in depth , but generally ranges from 60 to 90 feet in depth . 
The Fort Union Formation consisting of clay , shale , sandstone and 
lignite generally underlies the glacial deposits to depths greater 
than 1 ,000 feet . This formation occasionally crops out along the 
Souris and Missouri valleys . 
The glacial deposits are of two types; ground moraine and 
terminal moraine . The ground moraine underlies the Drift Prairie 
and also the area that lies south of the Max End Moraine Complex 
and north of the Missouri River . This material is a heterogeneous 
mixture of clay , silt and fine sand, with occasional lenses of silt 
and fine sand . 
The terminal moraine material is restricted to the Max End 
Moraine Complex and consists of a mixture of clay, silt and fine 
sand, but includes some coarser material . This coarser material is 
generally gravel and boulders which occur as individual fragments 
or in lenses . 
The bedrock when encountered is the Fort Union Formation . 
This formation consists of clay , shale , sandstone and lignite . 
The following tabulation lists the formations that underlie 












Fort Union Formation 
1 , 000• ' 
Tongue River Member 
Cannonball Member 
Ludlow shale Member 
Cretaceous 
Hell Creek Formation 
300-450' 
Fox Hills Formation 
30-200' 
Pierre Shale 
Silt , sand and gravel . 
Clay, fine sand , some gravel . 
Clayey till , some outwash of 
sand and gravel . 
Sand, clay-shale and lignite beds . 
Sandstone and sandy shale 
Clay shale with some sandstone 
and lignite beds . 
Soft shale, sand , sandstone and 
some lignite beds . 
Clayey fine grained sand and 
sandstone . 
Shale with some limestone 
lenses and concretions . 
e 
Richard W. emke (1960) states that 11 recent work by Howard, 
Gott, and Lindval (1946) , by Witkind(l958), and by others has dem-
onstrated that the last ice sheet in this region extended.southwest 
beyond the Max moraine. Moreover, bedrock has been found by the 
writer and many recent workers at enough places in the morainal 
belt to indicate that much of its relief may reflect a bedroc 
upland, and that the glacial drift in many places is no thicker 
than much of the ground moraine to the northeast . 11 The sub6lacial 
~elief map and t he isopachous map of glacial deposits (in envelope) 
substantiate the bedrock high very well for the Minot are~, as well 
as the relative thickness of the glacial deposits . The bedrock 
high rises evenly and gently from the northeast , peaks at the present 
site of the Max moraine , . and then drops of sharply to the south-
west . The greatest thickness of glacial deposits occurs just north-
east of the Max moraine and rapidly thin near the peak of the bed-
r ock high . All features of both maps trend northwest-southeast . 
STRUCTURE 
At the majority of the sites only 10 to 20 feet of bedrock 
was encountered and at many sites no bedrock was encountered. The 
bedrock is the Fort Union Formation which is generally relatively 
flat lying or has only a gentle dip of a few degrees to the west . 
The bedrock structure is not of significant influence in the de-
ployment area. 
The only major geologic structures in the deployment area are 
a broad gentle syncline with a north trending axis throu0 h the 
town of Elbowoods southwest of Minot and the Nesson Anticline . 
The axis of the Nesson Anticline is north trending and is located 
several miles west of the west boundary of the Fort Berthold 
./' 
Indian Reservation . Several minor structures are superimposed upon 
these larger structures. 
GROUNDWATER 
The occurrence of 6round water is wide spread throughout the 
deployment area . At 60 or more sites groundwater yields greater 
than 5 gpm were encountered . Many of the test holes were pumped at 
rates greater that 25 gpm and several test hole yields were in ex-
cell of 200 gpm. Flowing artesian conditions were encountered in 
3 of the test holes drill ed . T~e site investi 0 ation was under-
taken during a period of prolonged drought and the occurrence of 
~roundw~ter was probably at a r•inimum at that time . 
The glacial drift is practically impervious since it consists 
predominately of clay; however, water is generally encountered in 
lenses or pockets of sna~ or gravel in this material. 
Groundwater in the Fort Uinio Forrration is encountered in the 
snadstone and li6nite beds. Normal~y no water is encountered in the 
clay and shale portions of this formation . 
e 
EXPLORATORY CORE BORINGS 
The subsurface site investigation included the drilling of one 
exploratory core boring to a depth of 100 feet at each operational 
site . The purpose w1s To determine the type, nature, and character 
of the subsurface materials and condition of the various materials 
as they exist to the depth of 100 feet. 
All core hole drilling was accomplished by J . N. Pitcher of 
Daly City, California, and E. J . Longyear of Yd.nneapolis, Minnesota. 
Failing type 750 and 1500 rotary drill rigs were utilized by J. N. 
Pitcher andLongyear U3 and Longyear Junior rotary drill rigs were 
utilized by E. J . Longyear Company to drill the core holes and to 
obtain representative, testable samples in overburden or soft rock 
and continuous cores in hard rock . 
The samples in overburden of soft rock were obtained by dry 
sample drilling . The samples in hard rock were obtained by NX core 
drilling. 
In firm rock, core drill type tools capable of obtaining 
minimum size 2-1/8 inch diamete core were used. Core samples were 
continuous to the bottom of the hole or rock, whichever occured first. 
The average core recovery per hole in firm rock was specified 9S a 
minimum of 80%. A minimum of one testable size core per 5 feet of 
hole had to be obtained. The testable core was defined as unbroken 
and to have a minimum len0 th of twice its diameter. 
Each exploratory core hole drilled had continuous inspection 
for its full depth . A rig geologist or inspector supervised the 
drilling of each hole , prepared a field log of the hole and compiled 
a complete record of the drilling operation. The field log was 
prepared at a scale of 1 foot per inch and particular attention 
was Made of the ground water conditions . Upon completion of drilling 
the core hole to 100 feet , the hole was bailed or pumped dry and water 
recovery measurements taken . 
e Site A-1 
Site A-2 








Glacial deposits (core) 
Fort Union Fm. (seis) 
Fox Hills Fm. (seis) 
Pierre Shale (seis) 
152-76-?B 
Glacial deposits (core) 
Fort Union Fm. (seis) 
240-315 Fox T-Iills Fm. 
315-1000+ Pierre Shale 
Site A-3 152-76-35C 
0-85 
85-250 
Glacial deposits (core) 
Fort Union Fm. (seis) 
250-320 Fox Hills Fm. 
320-1000+ Pierre Shale 





Glacial deposits (core) 
Fort Union Fm. (seis) 







Glacial deposits (core) 
Fort UniQn Fm. (seis) 
300-370 Fox Hills Fm. 
370-1000+ Pierre Shale 
150-77-3C 
0-54 Glacial deposits (core) 
54-370 Fort Union Fm. (seis) 
370-445 Fox Hills Fm. 
~5-1000+ Pierre Shale 




Glacial deposits (core) 
Fort Union Fm. (seis) 
350-450 Fox Hills Fm. 
450-1000+ Pierre Shale 
151-78-33D 
0-75 Glacial deposits (core) 
75-375 Fort Union Fm. (seis) 
375-455 Hell Creek Fm. 
455-535 Fox Hills Fm. 
535-1000+ Pierre Shale 
Site A-9 152-78-5D 
0-45 
45-395 
Glacial deposits (core) 
Fort Union Fm. (seis) 
395-470 Fox Hills Fm. 
470-1000+ Pierre Shale 
Site A-10 153-78-lA 
Glacial deposits (core) 0-11 
11-285 Fort Union Fm. - (seis) 
285-365 Fox Hills Fm. 
365-1000+ Pierre Shale 




Glacial deposits (core) 
Fort Union Fm . (seis) 
300-380 Fox Hills Fm. 
380-1000+ Pierre Shale 
151-80-9C 
0-98 Glacial deposits (core) 
98-450 Fort Union Fm. (seis) 
450-800 Hell Creek Fm. 
800-900 Fox Hills Fm. 
900-1000+ Pierre Shale 
Site B-2 153-79-16B 
0-37 
37-460 
Glacial deposits (core) 
Fort Union Fm. (seis) 
460-540 Fox Hills Fm. 
540-1000+ Pierre Shale 
Site B-3 153-78-18D 
0-34 
34-410 
Glacial deposits (core) 
Fort Union Fm. (seis) 
410-490 Fox Hills Fm. 
490-1000+ Pierre Shale 
e 
Site B-4 152-79-18B 
0-66 Glacial deposits (core) 
66-250 Fort Union Fm. (seis) 
250-425 Hell Creek Fm. 
425-525 Fox Hills Fm. 
525-1000+ Pierre Shale 
Site B-5 151-79-5C 
0-78 Glacial deposits (core) 
78-340 Fort Union Fm. (seis) 
340-500 Hell Creek Fm. 
500-575 Fox Hills Fm. 




Glacial deposits (seis) 
140-500 Fort Union Fm. 
500-700 Hell Creek Fm. 
700-775 Fox Hills Fm. 
775-1000+ Pierre Shale 
Site B-7 150-80-9B 
0-59 
59-480 
Glacial deposits (core) 
Fort Union Fm. (seis) 
480-950 Hell Creek Fm. 




Glacial deposits (seis) 
140-660 Fort Union Fm. 
660-1000+ Hell Creek Fm. 
Site B-9 152-81-29C 
0-48 
48-500 
Glacial deposits (core) 
Fort Union Fm. (seis) 
500- 900 · Hell Creek Fm. 
900-1000+ Fox Hi lls Fm. 
Site B-10 152-81-lJD 
0-110 Glacial deposits (seis) 
110-400 Fort Union Fm. 
400-645 Hell Creek Fm. 
645-745 Fox Hills Fm. 
745-1000+ Pierre 
Site B-11 153-80-27D 
0-45 Glacial deposits (core) 
45-300 Fort Union Fm. (seis) 
300-540 Hell Creek Fm. 
540-620 Fox Hills Fm. 





Glacial deposits (core) 
Fort Union Fm. (seis) 
465-865 Hell Creek Fm. 
865-965 Fox Hills Fm. 
965-1000+ Pierre Shale 
Site C-2 149-80-4D 
0-94 Glacial deposits (core) 
94-400 Fort Union Fm. (seis) 
400-880 Hell Creek Fm. 
880-960 Fox Hills Fm. 
960-1000+ Pierre Shale 
Site C-J 150-79-29A 
0-150 Glacial deposits (seis) 
150-370 Fort Union Fm. 
370-850 Hell Creek Fm. 
850-930 Fox Hills Fm. 
930-1000+ Pierre Shale 
Site C-4 149-80-34C 
0-150 Glacial deposits (seis) 
150-335 Fort Union Fm. 
335-825 Hell Creek Fm. 
825-925 Fox Hills Fm. 
925-1000+ Pierre Shale 
Site C-5 148-80-28D 
Glacial deposits (seis) 0-175 
175-280 Fort Union Fm. 
280-680 Hell Creek FM. 
680-810 Fox Hills Fm. 
810-1000+ Pierre Shale 
Site C-6 148-81-15D 
0-150 Glacial deposits (seis) 
150-300 Fort Union Fm . 
300-720 Hell Creek Fm. 
720-845 Fox Hills Fm. 
845-1000+ Pierre Shale 
Site C-7 148-82-36C 
0-72 Glacial _deposits (core) 
72-390 Fort Union Fm. (seis) 
390-790 Hell Creek Fm. 
790-920 Fox Hills Fm. 
920-1000+ Pierre Shale 
Site C-8 148-82-12B 
0-115 Glacial deposits (seis) 
115-390 Fort Union Fm. 
390-830 Hell Creek Fm. 
830-950 Fox Hills Fm. 






Glacial deposits (core) 
Fort Union Fm. (seis) 
450-900 Hell Creek Fm. 
900-1000+ Fox Hills Fm. 
Site C-10 149-81-5B 
0-115 Glacial deposits (seis) 
115-470 Fort Union Fm. 
470-940 Hell Creek Fm. 
940-1000+ Fox Hills Fm. 
Site C-11 150-80-15B 
0-155 
155-560 
Glacial deposits (seis) 
Fort Union Fm. 
560-1000+ Hell Creek Fm. 
Site D-1 150-8J-21D 
0-135 Glacial deposits (seis) 
135-720 Fort Union Fm. 
720-1000+ Hell Creek Fm. 
Site D-2 151-83-9A 
0-230 Glacial deposits (seis) 
230-870 Fort Union Fm. 





Glacial deposits (seis) 
Fort Union Fm. 
740-1000+ Hell Creek Fm. 
Site D-4 150-82-29D 
0-135 
135-670 
Glacial deposits (seis) 
Fort Union Fm. 
670-1000+ Hell Creek Fm. 
Site D-5 148-83-5C 
0-95 
95-560 
Glacial deposits (core) 
Fort Union Fm. ( seis) 
560-980 Hell Creek Fm. 
980-1000+ Fox Hills Fm. 
Site D-6 149-83-15B 
0-138 Glacial deposits (seis) 
138-640 Fort Union Fm . 
640-1000+ Hell Creek Fm. 
Site D-7 148-84-4C 
0-37 
37-650 
Glacial deposits (core) 
Fort Union Fm. (seis) 
650-1000+ Hell Creek Fm. 
Site D-8 149-84-15B 
0-53 
53-750 
Glacial deposits (core) 
Fort Union Fm. (seis) 





Glacial deposits (seis) 
Fort Union Fm. 
760-1000+ Hell Creek Fm. 
Site D-10 151-84- 32B 
0-125 Glacial deposits (seis) 
125-870 Fort Union Fm. 
870-1000+ Hell Creek Fm. 
Site D-11 151-83-JOC 
0-85 Glacial deposits (core) 
85-830 Fort Union Fm. 
830-1000+ Hell Creek Fm. 
Site E-1 149-86-JC 
0-125 
125-990 
Glacial deposits (seis) 
Fort Union Fm. 
990-1000+ Hell Creek Fm. 
Site E-2 150-85-23B 
0-77 
77-880 
Glacial deposits (core) 
Fort Union Fm. (seis) 
880-1000+ Hell Creek Fm. 
Site E-3 149-85-14C 
0-69 
69-820 
Glacial deposits (core) 
Fort Union Fm. (seis) 
820-1000+ Hell Creek Fm . 
Site E-4 148-85-15B 
Glacial deposits (core) 0-9 
9-720 Fort Union Fm. (seis) 
720-1000+ Hell Creek Fm. 
Site E-5 148-86-llD 
0-50 
50-755 
Glacial deposits (core) 
Fort Union Fm. (seis) 
755-1000+ Hell Creek Fm. 
Site E-6 149-86-JJA 
Site E-7 
0-5 Glacial deposits (core ) 




Glacial deposits (core) 
Fort Union Fm. (seis) 
875-1000+ Hell Creek Fm. 
Site E-8 149-88- 27C 
0-115 Glacial deposits (seis) 
115-1000+ Fort Union Fm. 
Site E-9 149-88-270 
0-115 Glacial deposits (seis ) 
115-1000+ Fort Union Fm. 
Site E-10 149-88-lC 
Glacial deposits (seis) 0-115 
115-1000+ Fort Union Fm. 
Site E-11 150-87-27B 
Site F-1 
0-79 Glacial deposits (core) 




Glacial deposits (core) 
Fort Union Fm. (seis) 
915-1000+ Hell Creek Fm. 
Site F-2 152-86-22C 
0-110 Glacial deposits (seis) . 
110-1000+ Fort Union Fm. 
Site F-3 152-85-17D 
0-200 
200-950 
Glacial deposits (seis) 
Fort Union Fm. 
950-1000+ Hell Creek Fm. 
Site F-4 151-85-ZC 
0-88 
88-860 
Glacial deposits (core) 
Fort Union Fm. (seis) 







0-96 Glacial deposits (c0re) 
96-1000+ Fort Union Fm. (seis) 
151-87-36B 
0-44 Glacial deposits (core) 
44-1000+ Fort Union Fm. (seis) 
150-87-lD 
0-84 Glacial deposits (core) 
84-1000+ Fort Union Fm. (seis) 
151-88-16C 
0-49 Glacial deposits (core) 
49-1000+ Fort Uni8n Fm. (seis) 
0-125 
151-87-8B 
Glacial deposits (seis) 
125-1000+ Fort Union Fm. 
Site F-10 152-88-14D 
Site F-11 
0-80 Glacial deposits (core) 








Site G-1 154-88-35B 
Glacial deposits (core) 0-77 
77-870 Fort~ Union Fm. (seis) 
870-1000+ Hell Creek Fm. 
Site G-2 154-88-2D 
0-200 
200-825 
Glacial deposits (seis) 
Fort Union Fm. 
825-1000+ Hell Creek Fm. 
Site G-3 154-87-33A 
0-185 Glacial deposits (seis) 
185-900 Fort Union Fm. 
900-1000+ Hell Creek Fm. 
Site G-4 15J-86-21C 
0-200 Glacial deposits (seis) 
200-1000+ Fort Union Fm. 
Site G-5 153-87-27B 
0-150 Glacial deposits (seis) 
150-1000+ Fort Union Fm. 
Site G-6 15J-88-26C 
0-64 Glacial deposits (core) 
64-1000+ Fort Union Fm. (seis) 
Site G-7 153-89-24C 
0-39 Glacial deposits (core) 





Glacial deposits (core) 
Fort Union Fm. (seis) 
870-1000+ Hell Creek Fm. 
Site G-9 154-89-29B 
0-40 
40-925 
Glacial deposits (core) 
Fort Union Fm. (seis) 
925-1000+ Hell Creek Fm. 
Site G-10 155-90-J4D 
0-125 Glacial deposits (seis) 
125-920 Fort Union Fm. 
920-1000+ Hell Creek Fm. 
Site G-11 155-89-35D 
0-160 
160-825 
Glacial deposits (seis) 
Fort Union Fm. 
825-1000+ Hell Creek Fm. 
Site H-1 152-90-20A 
0-77 
77-840 
Glacial deposits (core) 
Fort Union Fm. (seis) 
840-1000+ Hell Creek Fm. 
Site H-2 153-89-19B 
0-18 
18-970 
Glacial deposits (core) 
Fort Union Fm. (seis) 




0-84 Glacial deposits (core) 
84-1000+ Fort Union Fm. (seis) 
0-125 
152-88-19B 
Glacial deposits (seis) 
125-1000+ Fort Union Fm. 





0-69 Glacial deposits (core) 
69-1000+ Fort Union Fm. (seis) 
151-90-lD 
0-90 Glacial deposits (core) 
90-1000+ Fort Union Fm. (seis) 
151-89-31C 
0-58 Glacial deposits (core) 
58-1000+ Fort Union Fm. (seis) 
151-90-20A 
0-53' Glacial deposits (core) 
53-1000+ Fort Union Fm. (seis) 
0-125 
152-92-22B 
Glacial deposits (seis) 
125-1000+ Fort Union Fm. 
Site H-10 152-91-16C 
0-89 Glacial deposits (core ) 
89-1000+ Fort Union Fm. (seis) 
Site H-11 15J-90-5D 
Site I-1 
0-27 Glacial deposits (c~re) 
27-1000+ Fort Union Fm. (seis) 
0-125 
156-90-?C 
Glacial deposits (seis) 
125-1000+ Fort Union Fm. 
Site I-2 156-89-6B 
0-70 
70-970 
~lacial deposits (core) 
Fort Union Fm (seis) 
970-1000+ Hell Creek Fm. 
Site I-3 155-90-lC 
Site I-4 
0-125 Glacial deposits (seis) 
125-1000+ Fort Union Fm. 
0-125 
15.5-91-J4A 
Glacial deposits (seis) 
125-1000+ Fort Union Fm. 
Site I-.5 155-91-SA 
0-96 Glacial deposits (core) 




0-125 Glacial deposits (seis) 
125-1000+ Fort Union Fm. 
0-125 
156-92-27B 
Glacial deposits (seis) 
125-1000+ Fort Union Fm. 
Site I-8 156-93-23B 
0-125 Glacial deposits (seis) 
125-1000+ Fort Union Fm. 
Site I-9 157-91-25B 
0-39 Glacial deposits (core) 
39-1000+ Fort Union Fm. (seis) 
Site I-10 157-91-l?C 
0-125 Glacial deposits (seis) 
125-1000+ Fort Union Fm. 
Site I-11 157-91-3 
0-26 Glacial deposits (core) 




Glacial deposits (seis) 
123-1000+ Fort Union Fm . 
Site J-2 157-86-5B 
0-180 Glacial deposits (seis ) 
180-1000+ Fort Union Fm. 
Site J-3 157-86- 25c 
0-170 Glacial deposits (seis ) 
170- 900 Fort Union Fm. 
900-1000+ Hell Creek Fm. 
Site J -4 156- 86- 20B 
0- 250 
250-960 
Gl acial deposits (seis) 
Fort Union Fm. 
960-1000+ Hell Creek Fm. 
Site J-5 156- 87-9C 
0-250 Glacial deposits (seis) 
250-1000+ Fort Union Fm. 
Site J-6 156- 88- 36C 
0-150 
150-915 
Glacial deposits (seis) 
Fort Union Fm. 





Glacial deposits (seis) 
190-1000+ Fort Union Fm. 
Site J-8 Not Used 
Site J-9 Not Used 
Site J-10 157-88-22D 
0-210 Glacial deposits (seis) 
210-1000+ Fort Union Fm. 
Site J-11 158-87-22C 
0-115 Glacial deposits (seis) 
115-1000+ Fort Union Fm. 
Site K-1 159-89-36C 
0-200 Glacial deposits (seis) 
200-1000+ Fort Union Fm. 
Site K-2 160-89-12C 
0-14o Glacial deposits (seis) 
140-1000+ Fort Union Fm. 
Site K-3 Not Used 
Site K-4 159-88-35B 
0-115 Glacial deposits (seis) 




Glacial deposits (seis) 
225-1000+ Fort Union Fm. 
Site K-6 158-89-36D 
0-175 Glacial deposits (seis) 
175-1000+ Fort Union Fm. 
Site K-7 158-89-32B 
0-120 Glacial deposits (seis) 
120-1000+ Fort Union Fm. 
Site K-8 158-90-JA 
0-115 Glacial deposits (seis) 
115-1000+ Fort Union Fm. 
Site K-9 158-91- JA 
Site K-10 
0-80 Glacial deposits (core) 
80-1000+ Fort Union Fm. (seis) 
0-125 
159-90-8B 
Glacial deposits (seis) 
125-1000+ Fort Union Fm. 
Site K-11 159-89-8B 
0-150 Glacial deposits (seis) 
150-1000+ Fort Union Fm. 
Site L-1 161-89-?A 
0-44 Glacial deposits (core) 
44-1000+ Fort Union Fm. (seis) 
Site L-2 163-89-20A 
0-200 Glacial deposits (seis) 
200-10000+ Fort Union Fm. 
Site L-3 162-89-16B 
0-200 Glacial deposits (seis) 
200-1000+ Fort Union Fm. 
Site L-4 162- 89-36D 
Site L-5 
0-130 Glacial deposits (seis) 




Glacial deposits (seis) 
Fort Union Fm. 
975-1000+ Hell Creek Fm. 
Site L-6 161-89-27D 
0-150 Glacial deposits (seis) 
150-1000+ Fort Union Fm. 
Site L-7 161-90-27D 
0-125 Glacial deposits (seis) 
125-1000+ Fort Union Fm. 
Site L- 8 161-91- 23A 
0-125 Glacial deposits (seis) 
125-1000+ Fort Union Fm. 
Site L-9 162-90- '.3'.3B 
0-46 Glacial deposits (core) 
46-1000+ Fort Union Fm. (seis) 
Site L-10 163-91-J5D 
Glacial deposits (seis) 0-125 
125-1000+ Fort Union Fm. 
Site L-11 162- 90- }A 
Site M-1 
0-98 Glacial deposits (core) 
98-1000+ Fort Union Fm. (seis) 
0- 24.5 
160-87-23B 
Glacial deposits (seis) 
245-1000+ Fort Union Fm. 
Site M-2 161- 86-28A 
0-JOO 
'.300-89.5 
Glacial deposits (seis) 
Fort Union Fm. 
89.5-1000+ Hell Creek Fm. 
Site M-3 l60-86-2.5D 
0- 200 
200-960 
Glacial deposits (seis) 
Fort Union Fm. 











Glacial deposits (seis) 
Fort Union Fm. 
159- 86- 5C 
Glacial deposits (seis) 
Fort Union Fm. 
158-86-14C 
Glacial deposits (seis) 
165-1000+ Fort Union Fm. 
Site M-7 159-87-5C 
0-175 Glacial deposits (seis) 
175-1000+ Fort Union Fm. 
Site M-8 159-87-J6D 
0-175 Glacial deposits (seis) 
175-1000+ Fort Union Fm. 
Site M-9 160-88-14C 
0-175 Glacial deposits (seis) 





Glacial deposits (seis) 
Fort Union Fm. 




Glacial deposits (seis ) 
240-900 Fort Union Fm. 
900-1000+ Hell Creek Fm. 
Site N-1 161-84-20A 
0-285 
285-755 
Glacial deposits (seis) 
Fort Uhion Fm. 
755-870 Hell Creek Fm. 
870-920 Fox Hills Fm. 
920-1000+ Pierre Shale 




Glacial deposits (seis) 
Fort Union Fm. 
Hell Creek Fm. 
540-1000+ Pierre Shale 




Glacial deposits (seis) 
Fort Union Fm. 
Hell Creek Fm. 
615-1000+ Pierre Shale 
Site N-4 161- 8J-17C 
0- 260 
260-550 
Glacial deposits (seis) 
Fort Union Fm. 
550- 750 Hell Creek 







Glacial deposits (seis) 
Fort Union Fm. 
Hell Creek Fm. 
Fox Hills Fm. 
740-1000+ Pierre Shale 
Site N-6 160-84-9A 
0-265 
265-750 
Glacial deposits (seis) 
Fort Union Fm. 
750-e65 Hell Creek Fm. 
e65- 915 Fox Hills Fm. 
915-1000+ Pierre Shale 
Site N-7 159-85-lC 
0-200 
200-860 
Glacial deposits (seis) 
Fort Union Fm. 
860-1000+ Hell Creek Fm. 
Site N-8 160-8)- lOD 
0-265 
265-880 
Glacial deposits (seis) 
Fort Union Fm. 
880-1000+ Hell Creek Fm. 
Site N-9 161-85-16C 
0-300 Glacial deposits (seis) 
300-860 Fort Union Fm. 
860-975 Hell Creek Fm. 
975-1000+ Fox Hills Fm. 
e 
Site N-10 162-86-36B 
0-255 Glacial deposits (seis ) 
255-840 Fort Union Fm. 
840-930 Hell Creek Fm . 
930-930 Fox Hills Fm. 




Glacial deposits (seis) 
250-650 Fort Union Fm. 
650-765 Hell Creek Fm. 
765-800 Fox Hills Fm. 
800-1000+ Pierre Shale 
Site 0-1 162-82-27D 
0-240 Glacial deposits (seis) 
240-340 Fort Union Fm. 
340-1000+ Pierre Shale 
Site 0-2 163-82-2D 
0-225 Glacial deposits (seis) 
225-1000+ Pierre Shale 
Site 0-3 162-81-8C 
0-245 Glacial deposits (seis) 
245-247 Fort Union Fm. 






Glacial deposits (seis) 
Fort Union Fm. 
260-1000+ Pierre Shale 
Site 0-5 161-82-24A 
0-230 
230-395 
Glacial deposits (seis) 
Fort Union Fm. 
395.1000+ Pierre Shale 
Site 0-6 160-82-?A 
0-190 
190-550 
Glacial deposits (seis) 
Fort Union Fm. 






Glacial deposits (seis) 
Fort Union Fm. 
Hell Creek Fm. 
515-1000+ Pierre Shale 
Site 0-8 162-83-26D 
0-225 Glacial deposits (seis) 
225-360 Fort Union Fm. 
J60-440 Hell Creek Fm. 






Glacial deposits (seis) 
Fort Union Fm. 
Hell Creek Fm. 
390-1000+ Pierre Shale 
Site 0-10 16J-8J-1Jt 
0-255 Glacial deposits (seis) 
255-270 Fort Union Fm . 
270-1000+ Pierre Shale 
Site 0-11 162-82-4A 
0-250 Glacial deposits (seis) 
250-280 Fort Union Fm. 





Glacial deposits (seis) 
Fort Union Fm. 
950-1000+ Hell Creek Fm. 
Site S-51 153- 91-26B 
Glacial deposits (core) 
Site S-77 
0-83 
83-1000+ Fort Union Fm. (seis) 
157-90-23D 
0-49 Glacial deposits (core) 
49-1000+ Fort Union Fm. (seis) 
Site S-104 156- 90-12D 
0-49 Glacial deposits (core) 
49-940 Fort Union Fm. (seis) 





Glacial deposits (core) 
Fort Union Fm. (seis) 
860-1000+ Hell Creek Fm. 
Site S- 180 150-86-9D 
0-90 Glacial deposits (core) 





Glacial deposits (core) 
Fort Union Fm. (seis) 
990-1000+ Hell Creek Fm. 
Site S-201 14?-80-6A 
0-116 Glacial deposits (seis) 
116-250 Fort Union Fm. 
250-665 Hell Creek F:m 
665-805 Fox Hills Fm. 
805-1000+ Pierre Shale 
Site S-206 150-82-lJB 
0-140 Glacial deposits (seis) 
140-500 Fort Union Fm. 
500-950 Hell Creek Fm. 
950-1000+ Fox Hills Fm. 
Site S-212 152-80-21B 
0-110 Glacial deposits (seis) 
110-350 Fort Union Fm. 
350-600 Hell Creek Fm. 
600-q90 Fox Hills Fm. 
690-1000+ Pierre Shale 
Site S-230 l.51-78-.5A 
0-29 Glacial deposits (core) 
29-350 Fort Union Fm. (seis) 
3.50-43.5 Fox Hills Fm. 
435-1000+ Pierre Shale 
Site S-233 160-90-22A 
0-.5.5 Glacial deposits (core) 
.5.5-1000+ Fort Union Fm. (seis) 
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